Objective-We recently linked human arterial media calcification of infancy to heritable PC-1/nucleotide pyrophosphatase phosphodiesterase 1 (NPP1) deficiency. NPP1 hydrolyzes ATP to generate PP i , a physicochemical inhibitor of hydroxyapatite crystal growth. But pathologic calcification in NPP1 deficiency states is tissue-restricted and in perispinal ligaments is endochondral differentiation-mediated rather than simply a dystrophic process. Because ectopic chondro-osseous differentiation promotes artery calcification in atherosclerosis and other disorders, we tested the hypothesis that NPP1 and PP i deficiencies regulate cell phenotype plasticity to promote artery calcification. Methods and Results-Using cultured multipotential NPP1Ϫ/Ϫ mouse bone marrow stromal cells, we demonstrated spontaneous chondrogenesis inhibitable by treatment with exogenous PP i . We also demonstrated cartilage-specific gene expression, upregulated alkaline phosphatase, decreased expression of the physiological calcification inhibitor osteopontin, and increased calcification in NPP1Ϫ/Ϫ aortic smooth muscle cells (SMCs). Similar changes were demonstrated in aortic SMCs from ank/ank mice, which are extracellular PP i -depleted because of defective ANK transmembrane PP i transport activity. Moreover, NPP1Ϫ/Ϫ and ank/ank mice demonstrated aortic media calcification by von Kossa staining, and intra-aortic cartilage-specific collagen gene expression was demonstrated in situ in NPP1Ϫ/Ϫ mice. Conclusions-NPP1 and PP i deficiencies modulate phenotype plasticity in artery SMCs and chondrogenesis in mesenchymal precursors, thereby stimulating artery calcification by modulating cell differentiation. (Arterioscler Thromb Vasc Biol. 2005;25:686-691.)
A rterial calcification frequently develops in association with atherosclerosis, aging, end-stage renal failure, and diabetes mellitus 1, 2 and is associated with an increased risk of ischemic cardiovascular events. 3, 4 Arterial calcification promotes decreased arterial compliance, and induction of cytokines and matrix metalloproteinases by deposited hydroxyapatite in atherosclerotic plaques could affect plaque stability. 3, 4 
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Arterial calcification in atherosclerosis, which is primarily intimal, is driven by inflammation, stimulated by low-density lipoprotein oxidation, and suppressed by high-density lipoprotein. 1 In contrast, artery calcification in aging, diabetes mellitus, and renal failure (Mönckeberg's sclerosis) is predominantly limited to tunica media, concentrated mainly at the internal elastic lamina and not directly localized with atherosclerotic lesions. 1, 2 Wide distribution of media calcification in the arterial tree likely reflects systemic alterations of regulators of calcification, exemplified by hyperparathyroidism and hyperphosphatemia in renal failure. 1, 2 But both artery intima and media calcification appear to be mediated by ectopic cartilage and bone formation, a consequence of the well-characterized transdifferentiation potential of vascular smooth muscle cells (VSMCs) and the multilineage potential of pericytes. [5] [6] [7] Intra-arterial differentiation to bone-forming chondrocytic or osteoblastic or cells associated with artery calcification is illustrated by expression of tissue-nonspecific alkaline phosphatase (AP) and certain matrix proteins (eg, osteocalcin, osteopontin [OPN]) characteristic of mature osteoblasts and of terminally differentiated chondrocytes. 1, 2 Analogous to bone remodeling, arterial calcification is subject to regulation by several physiological inhibitors whose identification has been expedited by analyses of genetically deficient mice. 1 For example, fetuin appears to act primarily by limiting hydroxyapatite crystal growth, 8 an effect shared by OPN which also promotes hydroxyapatite dissolution. 9, 10 Requisite physiological inhibition of artery calcification by osteoprotegerin (OPG) may be mediated by effects on macrophage lineage cell differentiation that influence mineral resorption. 11 Certain inhibitors of differentiation to bone-forming cells also physiologically suppress artery calcification. 1, 2 Specifically, targeted gene inactivation of murine matrix Gla protein (MGP) causes spontaneous intraarterial chondroid metaplasia 9 reflecting loss of physiological MGP inhibition of bone morphogenic protein (BMP)-2induced chondrogenesis. 12 Intra-arterial chondroid metaplasia and artery calcification resembling endochondral bone formation also occur in mice with targeted gene inactivation of the BMP signal transduction inhibitor Smad6. 13 Recently, we discovered that recessive (or compound heterozygotic) inheritance of mutations that inhibit catalytic activity of PC-1/nucleotide pyrophosphatase phosphodiesterase 1 (NPP1), which generates the potent physiological hydroxyapatite crystal deposition inhibitor PP i , 14 cause the majority of cases of human "idiopathic" infantile media calcification, a spontaneous and frequently lethal form of widely disseminated artery media calcification. 15, 16 Significantly, idiopathic infantile arterial calcification linked to human NPP1 deficiency is associated with concurrent periarticular and aortic calcifications, 17 similar to phenotypic features described in NPP1-deficient ttw/ttw mice. 18, 19 The shared NPP1Ϫ/Ϫ and ttw/ttw mouse skeletal phenotype of spontaneous bone fusion of periarticular and perispinal soft tissues in early life is remarkably similar to that of the ank/ank mouse. 20 The ank/ank mouse is homozygous for a C-terminal cytosolic domain truncation mutation of the multiple-pass transmembrane protein ANK that disables PP i channeling. 20 Furthermore, the marked depletion of extracellular PP i and the rapid extensive calcification by both NPP1Ϫ/Ϫ and ank/ank osteoblasts in culture are corrected by soluble NPP1, which suggests a common pathogenic role of PP i deficiency. 21 Shared features of pathologic bony fusion in NPP1-deficient and ank/ank mice include de novo chondrogenesis and endochondral bone formation involving periarticular and perispinal ligaments. 18, 19, 22 Hence, we studied NPP1Ϫ/Ϫ and ank/ank mice to test the hypothesis that transdifferentiation of VSMCs and intra-arterial chondrogenic differentiation mediated by PP i depletion promotes spontaneous aortic calcification.
Methods

Reagents
All chemical reagents were obtained from Sigma, unless otherwise indicated.
Source and Breeding of Mice
NPP1Ϫ/Ϫ mice were on a C57BL/6 background 21 and the ank/ank mice on a BALB/c X C3H and C57BL/6 hybrid background. 22 NPP1 and ANK genotypes were analyzed by polymerase chain reaction, and heterozygote breeders were used to generate distinct litters (NPP1Ϫ/Ϫ and ank/ank mice and respective littermates). 21
Isolation, Culture, and Analyses of Mouse Bone Marrow Stromal Cells
To isolate primary plastic-adherent bone marrow stromal cells, mouse femurs were flushed with 1% FCS-containing DMEM low glucose medium, with hematopoietic cells removed using 1.44 g/L Ficoll density gradient centrifugation. Stromal cells were cultured for 14 days in basal mesenchymal stem cell media (Cambrex, Walkersville, Md) and at confluence transferred to high-density culture conditions in complete serum-free medium (Mediatech, Herndon, Va) for chondrogenesis assays. To assay for multipotential bone marrow stromal precursor cells (colony-forming unit-fibroblastoid cells [CFU-F]), viable washed stromal cells (assessed by trypan blue staining) were resuspended (2.25ϫ10 5 cells per ml) and plated in 2-cm 2 dishes in 0.4 mL DMEM containing 10% FCS and 3.7 g/L HEPES, pH 7.3 (medium B, which was replaced on days 3 and 8). CFU-F were counted on day 13 after fixation and Giemsa staining, with a colony defined as constituting a minimum of 5 cells per group. 23 To quantify chondrogenesis by measuring 35 S incorporation into sulfated proteoglycans, 24 plastic-adherent bone marrow stromal cells in high-density culture were labeled with 1Ci/ml of 35 S sulfate and 3 H proline for 24 hours. Cellular proteoglycans were extracted with 8 mol/L guanidine HCl, 0.01 mol/L sodium acetate, 0.02 mol/L EDTA, 0.2 mol/L 6-aminocaproic acid, 5 mmol/L benzamidine HCl, 10 mmol/L N-ethylmaleimide, and 0.5 mmol/L phenylmethylsulphonyl fluoride for 24 hours at 4°C for scintillation counting.
RT-PCR Analyses
Total RNA was isolated using TriZOL (Invitrogen), reversetranscribed, and amplified for 40 cycles as described. 21 Primers were as previously described for Sox9, 25 type II collagen, 26 SM22␣, 27 osteocalcin, MGP, OPG, cbfa1, and the ribosomal housekeeping gene L30. 21 Type I collagen primers were forward 5Ј-CGA GAA AGG ATC CCC TGG TGC-3 and reverse 5Ј-TTT ACC GGT CTC ACC ACG GTG A-3Ј.
Isolation and Analyses of Cultured Murine Aortic VSMCs
Enriched preparations of aortic SMCs from 2-week-old mice were obtained by collagenase and elastase digestion as described. 28 After digestion, aortic cells (Ϸ1ϫ10 4 cells per mouse aorta) were cultured in DMEM low glucose medium supplemented with 100 U/mL Penicillin, 50 g/mL streptomycin, 1% glutamine, and 1ϫ nonessential amino acids (medium A) containing 10% FCS. 28 After 2 days, in which an approximate doubling of SMC numbers had occurred, cells from animals of the same genotype were pooled in medium A supplemented with 1% FCS. In each case, aortic VSMC preparations were confirmed to have typical VSMC morphology and to be Ͼ95% positive for SMC-specific ␣-actin staining (using a monoclonal antibody from Chemicon, Temecula, Calif) and Ͻ1% positive for von Willebrand factor staining (using polyclonal antibody from Chemicon). To quantify VSMC matrix calcification, we used a previously described Alizarin red S binding assay 21 and analyzed aliquots of 5ϫ10 3 VSMCs in medium A supplemented with 1% FCS and 1 mmol/L NaP i . BMP-2 was measured in conditioned media by ELISA (R&D Systems) according to manufacturer's instructions. PP i concentrations were determined radiometrically and equalized for DNA concentration. 21 AP-specific activity was determined colorimetrically. 21 To measure OPN by ELISA, 21 we used plates coated with monoclonal antibody to native OPN (Chemicon, Temecula, Calif). Recombinant murine OPN was the standard. Washed wells were incubated for 1 hour at 37°C with rabbit anti-OPN (1:1000; Chemicon, Temecula, Calif) followed by detection as described. 21 
von Kossa Staining and Immunohistochemistry
Aortic specimens were embedded in optimal cutting temperature compound (Tissue Tek). Using a cryostat, 20-m-thick sagittal frozen sections were stained for calcium phosphate by the von Kossa reaction. 9 For immunohistochemical analyses, frozen sections were fixed with cold acetone for 10 minutes and stained using polyclonal antibodies specific for type X collagen (Calbiochem) or types IX/XI collagen (Chemicon) using the HistoMouse staining kit (Zymed).
Statistics
Where indicated, error bars represent SD. Statistical analyses used the Student t test (paired 2-sample testing for means).
Results
Spontaneous Chondrogenesis in NPP1؊/؊ Multipotential Bone Marrow Stromal Cells
We placed NPP1Ϫ/Ϫ plastic-adherent monocyte-depleted primary bone marrow stromal cells in high-density culture. By avoiding standard addition of BMP-2 or transforming growth factor ␤ to stimulate chondrogenesis, 24 we tested for emergence of "spontaneous" chondrogenesis from a mixed cell population enriched in multipotential cells. We used noncalcifying conditions to avoid secondary effects due to matrix calcification. We observed increased 35 S incorporation into sulfated proteoglycans in NPP1Ϫ/Ϫ bone marrow stromal cells relative to littermate NPP1ϩ/ϩ cells ( Figure 1A ). NPP1Ϫ/Ϫ bone marrow stromal cells demonstrated upregulated expression of the chondrogenic master transcription factor Sox9 and of cartilage-selective type II collagen, which were inhibited by regular media supplementation with 5 pmol of exogenous PP i ( Figure 1B ). Significantly, upregulated chondrogenesis was not caused by altered multipotential bone marrow stromal precursor cell (CFU-F) pool size ( Figure 1C ).
Altered Differentiation and Calcification in Cultured Aortic NPP1؊/؊ VSMCs
Type II collagen expression was consistent with chondrogenic differentiation in preparations of enriched aortic VSMCs of NPP1Ϫ/Ϫ mice but not littermate NPP1ϩ/ϩ mice (Figure 2 ). Under these conditions, both NPP1Ϫ/Ϫ and NPP1ϩ/ϩ VSMC preparations demonstrated expression of type I collagen and the SMC-specific marker SM22␣ as well as MGP and OPG ( Figure  2) . Parallel experiments revealed similarly upregulated collagen II expression in aortic ank/ank VSMCs (not shown). Cultured aortic SMC preparations demonstrated significantly decreased extracellular PP i and OPN and increased AP activity and calcification in NPP1Ϫ/Ϫ and ank/ank mice cells relative to normal littermates (Figure 3) .
Conditioned media BMP-2 levels of the VSMCs of 2-week-old mice at 7 days in culture did not significantly differ between NPP1ϩ/ϩ and NPP1Ϫ/Ϫ states (13.44Ϯ5.5 pg/mL versus 10.43Ϯ4.5 pg/mL, respectively, analyzing cells from 5 mice of each genotype, run in replicates of 3). Aortic cell preparations contained not only typical VSMCs but also cells with irregular borders and ruffled edges that assembled in nodular clusters in the postconfluent state (not shown). But the pattern of matrix calcification was diffuse in these cultured VSMCs preparations, unlike the typical nodular pattern of in vitro calcification by pericytes, 21, 22 suggesting calcification driven by transdifferentiated PP i -depleted VSMCs.
Aortic Media Calcification and Chondrogenic Differentiation In Situ in NPP1؊/؊ Mice
von Kossa staining demonstrated aortic tunica media calcifications at 21 to 22 weeks of age in NPP1Ϫ/Ϫ and to a lesser 35 S incorporation into sulfated proteoglycans. Plastic-adherent bone marrow stromal cells from euthanized 3-month-old NPP1Ϫ/Ϫ and littermate NPP1ϩ/ϩ mice were studied in highdensity culture in complete serum-free medium as described in Methods. Cells were labeled with 1Ci/ml of 35 S sulfate and 3 H proline for 24 hours before collection. Washed cell extracts were collected on the days indicated for analysis of incorporation of 35 S into sulfated proteoglycans. Data were pooled from 3 mice of each genotype, each studied in 3 separate experiments. *PϽ0.05. B, RT-PCR analyses for chondrogenic gene expression in NPP1Ϫ/Ϫ bone marrow stromal cells. Sox9 and collagen II expression were determined by RT-PCR of bone marrow stromal cells in high-density cultures on the days indicated as described in Methods. Where indicated, NPP1Ϫ/Ϫ cells were treated with 5 pmol sodium PP i at time 0 and every 72 hours thereafter to raise the extracellular concentration of PP i by 2.5 nM. Results shown are from cultures pooled from 5 mice of each genotype. C, Lack of significant change in multipotential bone marrow stromal precursor cells (CFU-F) from NPP1Ϫ/Ϫ mice. Bone marrow stromal cell preparations were harvested as described above from 4-month-old mice and aliquots of viable cells studied during 13 days in culture as described in Methods. CFU-F were counted on day 13 after fixation and Giemsa staining, with a colony defined as constituting a minimum of 5 cells per group. Results shown are from cultures pooled from the marrow of 5 mice of each genotype. degree in ank/ank mice (Figure 4 ). Assessment of whole aortic tissue by RT-PCR demonstrated in situ expression of collagen II in NPP1Ϫ/Ϫ and ank/ank mice ( Figure 5 ). In addition, NPP1Ϫ/Ϫ and ank/ank mouse aortas demonstrated expression of the chondrocyte hypertrophy and late osteoblast differentiation marker osteocalcin and of cbfa1, a transcription factor centrally involved in both chondrocyte maturation to hypertrophy and osteoblastic differentiation. 5 In contrast, expression of SM22␣, type I collagen, MGP, and OPG were detected in aortas from normal and NPP1Ϫ/Ϫ and ank/ank mice ( Figure 5 ).
Last, we immunohistochemically assessed for ectopic cartilage-specific collagen expression in NPP1Ϫ/Ϫ mouse aortas in comparison with NPP1ϩ/ϩ controls. We studied types IX/XI collagen, whose ectopic expression at sites of perispinal ligament calcification was described in NPP1deficient mice. 29 Because chondrocyte maturation to hypertrophy is intimately linked with matrix calcification, 30 we also tested for the stereotypic chondrocyte hypertrophy marker type X collagen. We detected aortic foci of expression of types IX/XI collagen in the media and adventitia, and of type X collagen in the media in 21-week-old NPP1Ϫ/Ϫ mice but not normal littermates ( Figure 6 ).
Discussion
Human aortic SMCs constitutively express the physiological calcification inhibitor NPP1. 17 Moreover, IIAC is linked to NPP1 mutations that decrease catalytic activity for PP i generation. [15] [16] [17] Here we demonstrated that NPP1Ϫ/Ϫ mice, previously characterized to have marked extracellular PP i depletion, 21 develop aortic media calcification. Chondroosseous differentiation of cells in the artery wall mediates both atherosclerotic intima and nonatherosclerotic media forms of artery calcification. 1, 2 Here we discovered that NPP1 deficiency promoted the spontaneous emergence of chondrogenesis from bone marrow stromal cells. Our arterial studies were limited by small yields of VSMC-enriched mixed cell populations from mouse aortas. Nevertheless, it was significant that cultured NPP1Ϫ/Ϫ aortic SMC preparations and NPP1Ϫ/Ϫ aortic cells in situ expressed cbfa1, osteocalcin, Figure 4 . Pathological calcification involving the tunica media of the aorta in NPP1Ϫ/Ϫ and ank/ank mice. Thoracic aortas were removed from NPP1Ϫ/Ϫ, ank/ank, and respective wild-type littermates at 21 to 22 weeks of age. We performed von Kossa staining on 20 mol/L frozen sagittal sections as described in Methods. As shown, black/ brown staining calcium phosphate mineral deposition foci were seen in the media of NPP1Ϫ/Ϫ and ank/ank but not wild-type mice. Figure 5 . Aortic chondro-osseous mRNA expression in situ in both NPP1Ϫ/Ϫ and ank/ank mice. We extracted total RNA from aortas from 3-month-old mice and pooled RNA from 5 animals of each genotype indicated. After reverse transcription, 40 cycles of polymerase chain reaction amplification were performed for each mRNA analyzed. and chondrocyte-specific collagens. Procalcifying AP specific activity was markedly upregulated in cultured NPP1Ϫ/Ϫ VSMCs. In contrast, there was no gross alteration in expression of the physiological artery calcification inhibitors MGP and OPG in NPP1Ϫ/Ϫ mouse arterial cells, consistent with previous results for NPP1Ϫ/Ϫ versus NPP1ϩ/ϩ osteoblasts 21 NPP1 not only generates PP i but also scavenges ATP and regulates purinergic receptor signaling, N-glycosylation, secretion of glycoproteins, proteoglycans sulfation, and insulin receptor signaling. 31 But the capacity of exogenous PP i to correct spontaneous chondrogenesis in NPP1Ϫ/Ϫ bone marrow stromal cells under noncalcifying conditions suggested that extracellular PP i deficiency directly promoted chondrogenesis. Critical evidence supporting this conclusion was provided by our studies of ank/ank mice, which we observed to develop aortic media calcification. Cultured ank/ank mouse VSMCs demonstrated comparable changes to those in NPP1Ϫ/Ϫ VSMCs for extracellular PP i levels, OPN expression, AP-specific activity, and matrix calcification. Moreover, collagen II, cbfa1, and osteocalcin were expressed in situ in the ank/ank mouse aorta.
The extent of aortic media calcification was substantially less in ank/ank than in NPP1Ϫ/Ϫ mice between 4 to 5 months of age. Similar to NPP1Ϫ/Ϫ mice, we have observed that ank/ank mice also develop perispinal ligament calcification at 2 months of age (our unpublished observations, 2004). It will be of interest to assess whether the lesser extent of aortic media calcification in ank/ank mice relative to NPP1Ϫ/Ϫ mice persists beyond 21 to 22 weeks of age.
Chondrogenesis is a complex process mediated by precursor cell recruitment, condensation, and transcriptional pathways modulating chondrocyte-specific gene expression, including direct transcriptional regulatory effects of Sox9, effects of Wnt-frizzled receptor signaling, and the interplay between these factors exerted partly at the level of Sox9 interaction with ␤-catenin. 24, 30 In this study, we observed that Sox9 expression was upregulated in NPP1Ϫ/Ϫ bone marrow stromal cells, an effect reversed by exogenous PP i . Definition of the primary mechanism(s) by which NPP1 and extracellular PP i regulate Sox9 expression and chondrogenesis will be of interest. We did not observe altered expression of BMP-2 by NPP1Ϫ/Ϫ VSMCs, but this finding did not rule out deficiency of 1 or more BMP inhibitors or changes in BMP signaling in NPP1Ϫ/Ϫ cells. It will also be of interest to assess whether NPP1 deficiency selectively promotes chondrogenesis in both mice and human arteries or whether NPP1 deficiency also impacts on Msx2-mediated vascular ossification programs that circumvent chondrogenesis. 32 Cell surface receptors or active cellular or subcellular uptake mechanisms for PP i have yet to be identified in eukaryotic cells. 14 But extracellular inorganic phosphate (P i ) generated partly through tissue-nonspecific AP pyrophosphohydrolysis of PP i is taken up by cells through defined sodium-dependent cotransporters. 33 Though P i uptake can promote chondrogenic differentiation, chondrocyte and osteoblastic maturation, and calcification, [33] [34] [35] it also appears likely that extracellular PP i by itself can directly regulate differentiation of arterial cells. First, PP i inhibits calcification triggered by experimental artery injury, an effect that is removed by AP. 36 Second, nonhydrolyzable bisphosphonate PP i analogues, which suppress artery calcification in states including IIAC, 17 clearly regulate cellular signal transduction, gene expression, and viability. 14 Third, intracellular PP i is elevated in ank/ank cells but decreased in NPP1Ϫ/Ϫ skeletal cells, 21 pointing to shared critical effects of extracellular PP i depletion on VSMC function and chondrogenic differentiation. Fourth, analogous to effects of P i , 37 we have observed direct effects of extracellular PP i on expression of genes that regulate skeletal remodeling, such as matrix metalloproteinase-13 and OPN. 21, 38 In this context, the observation of decreased OPN expression by NPP1Ϫ/Ϫ and ank/ank VSMCs was compelling because OPN promotes atherogenesis. 39 Hence, diminished OPN expression by NPP1Ϫ/Ϫ VSMCs may help explain why inflammation is not observed at IIAC artery lesions.
We did not quantitatively examine for SMC phenotype suppression 5 in NPP1Ϫ/Ϫ aortic cells in this study, but transdifferentiation of VSMCs to calcifying chondro-osseous cells 5 appeared central to the observed artery media calcification in NPP1Ϫ/Ϫ mice. Pericytes 6, 7 and other arterial cells also likely contributed. For example, we observed ectopic expression of types IX/XI collagen in the NPP1Ϫ/Ϫ mouse aortic adventitia, a potential source of multipotential cells (stenmark) and migratory fibroblasts capable of transdifferentiation to myofibroblasts, which drive vascular remodeling and fibrosis. 40 Interestingly, a marked myointimal fibroproliferative response is a cardinal feature of IIAC associated with NPP1 "loss-of-function" mutations 17 but, for undefined reasons, was not seen in NPP1Ϫ/Ϫ or ank/ank mouse aortas.
In conclusion, NPP1 and PP i physiologically function to prevent IIAC by suppressing artery calcification at the level of cell differentiation and not simply at the level of mineral formation and resorption in the extracellular matrix. Extracellular PP i levels are regulated by both genetic and acquired factors 14 such as oxidative stress, which can depress PP i and promote Figure 6 . Immunohistochemical detection of chondrocytespecific type X and types IX/XI collagens in NPP1Ϫ/Ϫ aortas. Aortic specimens from 21-week-old NPP1Ϫ/Ϫ mice and NPP1ϩ/ϩ littermate controls were immunohistochemically analyzed for chondrocyte-specific type X and types IX/XI collagen expression as described in Methods, using 20-m thick sagittal frozen sections and using nonimmune rabbit IgG as a control. Brown staining foci of expression of types IX/XI collagen in the media and adventitia and of type X collagen in the media were detected in aortas of NPP1Ϫ/Ϫ mice but not the normal agematched littermates. Representative of 4 animals of each genotype are shown. All images are displayed at ϫ160 magnification. calcification in vitro. 26 In addition, cell stimulation by the atherogenesis mediators interleukin-1 or insulin-like growth factor-I depress extracellular PP i , partly through suppression of NPP1 and ANK expression. 14 Therefore, acquired decrements in lesion NPP1 and ANK expression and extracellular PP i could contribute to intra-arterial chondro-osseous metaplasia and calcification in atherosclerosis and other conditions.
